Organisation of the summer school
The Summer School comprised a series of lectures, tutorials, practical exercises and demonstrations of equipment. The overall content and balance is indicated in Table 1 .
Lectures
The lecturers were briefed to be clear and to deal with the fundamentals; to teach not to present a research paper. The exception was Professor Denton who was asked to .let rip as he wished, and whose lecture on the future of automation was outstanding. The rest of the lectures, albeit many dealing with the most recent developments, were presented so as to be of immediate practical value to the participants.
Tutorials
The tutorials, or small group discussions, were of two kinds. One set was arranged by the indicated preferences of the participants, who then had the opportunity for discussing their specific problems with an expert. The other, with fixed groups and tutor, was devoted to the course problem. This was based on the experience of the Laboratory of the Government Chemist in automating the analysis of cigarettes to measure their tar, nicotine and carbon monoxide levels. There were eight groups with five students in each and they all independently worked out a solution to the problem. Then a snowballing procedure was adopted to present the best of the individual efforts for discussion. First the (primary) groups were combined to give three (secondary) groups of 15 (or more accurately 2x15 and lxl0). The primary groups had appointed a spokesman to present the group view and the secondary groups in turn nominated a spokesman to represent their group's views. Finally these three spokesmen presented the views of the combined groups to the whole school. The procedure ensured that discussion at the end was relevant, and organised. Furthermore there was considerable interest in finding out what the others had worked out. As an additional bonus, the presentations were varied, amusing and of a very high standard. It is clear that snowballing is excellent for group discussions, it allows everyone to express his views (simultaneously, but in different rooms) and ensures that the discussion en masse is For most people the chief interest and distinguishing feature of automation is the capability of producing a large number of results with a high rate of sample throughput, usually for long periods. The motivation for setting up such an analytical service may be political, managerial or scientific, but, in all cases, the cost and organisation of the analysis are on a much greater scale than conventional manual analyses.
In automated systems the amount of data generated also poses a number of implications. On the one hand, it must be processed and presented in a useable form, on the other, it can be used to help improve the analytical step (optimisation), to refine the initial statement of the problem and to maintain a continuous statistical check on the quality of the analysis. For example the introduction of Vidicon detectors enable sets of spectra to be taken at 10 m sec intervals over a period of sec, this produces 100 spectra from which plots of absorbance as a function of time at various wavelengths can be reconstructed. Also Simplex optimisation methods can be used to set up the operating parameters of a complex apparatus to provide the maximum signal output.
All of the basic theory is currently available, from this the basic theory for automatic analysis must be synthesised. The result must be rigorous enough to underpin and effectively define automatic analysis, but it must be simple enough to be understood and readily accepted. Given the tendency for specialists in management and the mathematical skills to confuse straightforward ideas with jargon and equations, presentation of automation theory will not be easy. The lectures given during this summer school however proved that it can and should be done. Thus, there is considerable scope for the introduction of automated analysis into undergraduate teaching, and there are many advantages to be gained. Experience with flow injection analysis at the author's laboratory shows that the students find it interesting, that important chemical principles are illustrated simply and that it helps to have a high sample throughput. The speed of analysis results in a saving on instrumentation one piece of FIA apparatus set up for a photometric determination can be used in one lab period by many more students than a spectrophotometer. It also means that the analytical results can be analysed statistically and that this important subject can be introduced to the students with the minimum of pain.
Problems
On the course, one of the most valuable educational exercises was derived from the course problem. It brought home to the students the true complexity of modern analysis. The introductory statement of the objective is simple enough:
'As a member of the 'Transautomatia' Government Analyst's laboratory you have been asked to undertake work to determine the tar, nicotine and carbon monoxide levels produced by cigarettes available on the home market. This requires a carefully standardised and reproducible approach if the results are to be of value for comparative purposes. The Government wishes to publish twice yearly league tables similar in format to those produced by the UK government. These list the brands available in ascending order of tar level, grouping them in mg increments, and should also show both nicotine and CO values. There are around 120-150 different cigarette brands currently available on the Transautomatia market'. The individuals were asked to develop a strategy for automating the analyses required.
However, it soon becomes apparent that the analyst has to be content with an arbitrary definition of tar, variability of the same brand of cigarette, the humidity, the variation of length of tobacco and filter and the need to establish a reproducible and reasonable puff profile.
A full account of one solution is given by Copeland and Stockwell [2] . Since the introduction of league tables of tar content, the pattern of smoking in the UK has changed significantly, cigarettes With low tar content being more favoured than before. This demonstrates rather well, the social and economic significance of analysis.
It was a challenging exercise and opinion was divided as .to its worth, some thought it was a waste of time, others rated it the best part of the course. It has the merit of focussing the students' attention to a real world problem and to use the Volume No. 5 October 1979
Conclusions
The lectures covered a wide range of topics and dealt with the more routine issues as well as novel techniques and instrumentation recently introduced. The tutorials and practical sessions enabled participants to discuss their own specific problems in depth and the course problem brought out many useful points and stimulated considerable discussion. Overall, the blend of theory, techniques and problems was such that most of the participants felt they had clearly benefitted. As an experiment in education by means of the short course it must be counted a success.
The stimulus provided by the interdisciplinary combination of management skills, science and technology was summarised for all, not just laboratory managers, by the concluding remarks of the opening lecture by J.K. Foreman:
'Perhaps the most significant problem the laboratory manager has concerns himself. To launch a laboratory into an automatic regime satisfactorily is a considerable achievement, involving, as has been summarised above, much learning and change of attitude. But he must stay abreast of development in his new arena. We have only just begun to extract, in any sort of cost-effective way, the maximum valuable information contained in a sample. Further developments in automation technology, if correctly oriented, are a powerful way of continuing this process and the laboratory manager's role in it can be a challenging and rewarding one'.
It may be that in the future this Summer School will be designated as the place where the concepts in education for automation began to gel.
